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Ion-molecule reactions of a number of alkene molecular ions with different neutral alkenes 
were studied in a quadrupole ion trap equipped with a pulsed sample-inlet system. The 
molecules studied include several isomeric unbranched hexenes, heptenes, octenes, and 
nonenes, as well as representative alkenes with ten, twelve, fourteen, and twenty-three 
carbon atoms. Transfer of structurally characteristic number of methylene units between the 
ionic and neutral reactants dominates the product distributions for all the alkenes studied, 
with the exception of 1-alkenes. Isomeric alkenes can be readily distinguished on the basis 
of their products from reactions with neutral alkenes. It is suggested that distonic interme- 
diates are generated in these reactions, and that they fragment by alkene elimination after 
1,2- and 1,5-hydride shifts. The ability to vary the reaction time, pressure of the neutral 
reagents, and the type of ions and neutral molecules present in the reaction chamber 
during each stage of the experiment sequence makes it possible to maximize the amount of 
structural information obtained for alkenes in these experiments. Use of CSZ’ to generate 
the alkene molecular ion by charge exchange yields the same information without the need 
to carry out a mass-selection step for the ionized alkene. (J Am Sot Mass Spectrom 1992, 2, 
305-313) 
T 
he problem of locating carbon-carbon double 
bonds in isomeric mono-olefms by mass spec- 
trometry has been of interest for many years. 
The molecular ions of alkenes isomer&e into a mix- 
ture of rapidly interconverting structures prior to frag- 
mentation [l], and this isomerization is thought to be 
extensive even for nondecomposing ions after 10m5 
seconds [l]. Therefore, mass spectrometric methods 
that do not deposit Large amounts of energy in alkenes 
upon ionization and during the following reactions, 
or that are based on a neutral rather than on an 
ionized alkene, are potentially more successful in dis- 
tinguishing isomeric alkenes than methods based on 
dissociation of activated ionized alkenes (e.g., elec- 
tron ionization mass spectrometry, collision-activated 
dissociation). A number of studies have focused on 
low energy ion-molecule reactions for location of car- 
bon-carbon double bonds, and promising methods 
based on this approach have appeared [Z, 31. For 
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example, the reactant ion NO+ has been demon- 
strated to add to carbon-carbon double bonds to yield 
an intermediate ion that often gives characteristic 
fragments [4]. However, this method does not give 
conclusive results for carbon chains below C,a, and 
the product distributions obtained for long-chain 
alkenes are occasionally complex [2]. Problems involv- 
ing other potentially useful chemical ionization 
reagents include limited selectivity (isobutane [Z], eth- 
ylene oxide [2], dimethyl ether [2, 51, tetramethyl 
silane [2] ), interfering ion-molecule reactions within 
the reagent gas system (tetramethyl silane [Z], methyl 
vinyl ether [2, 6]), too extensive fragmentation and/or 
rapid isomerization of the ionized alkene (methane, 
tetramethyl silane) [2], and low sensitivity (amines 
[2]). The most promising methods thus far include 
complexing the alkene with Fe+, followed by colli- 
sion-activated dissociation of the complex [7]. This 
approach results in dissociation products that are 
highly characteristic of the neutral alkene [7]. More- 
over, the method is applicable to various different 
alkenes, dienes, and alkynes [7]. 
We report here examination of the analytical poten- 
tial of ion-molecule reactions occurring between an 
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ionized alkene and a neutral alkene in a Paul-type 
quadrupole ion trap. Paul-type ion traps [8] are me- 
chanically simple devices and they possess several 
features that are especially well-suited for analytical 
applications employing ion-molecule reactions. The 
ability to vary reaction time and to mass-select the 
reactant ion [9] remarkably simplifies the product dis- 
tributions. The relatively high pressure commonly 
used [8] in quadrupole ion traps (mtorr range) is 
beneficial when studying reactions that require multi- 
ple collisions or that have low cross-sections. When 
the ion trap is equipped with pulsed valves [lo], it is 
possible to select the neutral as well as ionic reagents 
present in the trap during each reaction. This elimi- 
nates many interfering side reactions. 
Ion-molecule reactions occurring in pure olefins, 
especially in systems higher than ethylene, are quite 
complex [ll-151. However, the product distributions 
from these reactions seem to be much more depen- 
dent on the structure of the ionic and neutral reactant 
alkenes than is the case for the fragmentation prod- 
ucts obtained upon electron ionization of these alkenes 
[ll]. Especially intriguing is the suggestion that there 
is no significant rearrangement in parent ions during 
the reaction. However, earlier studies suggest that the 
products obtained in reaction of an ionized alkene 
with a neutral alkene depend on the experimental 
conditions as well as on the structure and the energy 
content of the ionic and neutral reactants [Ill. It is our 
interest to find out whether the conditions [16] pre- 
vailing in quadrupole ion traps [13, 171 are suitable for 
application of ion-molecule reactions in identification 
of specihc structural features in ions and neutral 
molecules. The focus of this study is on analytically 
important, relatively long-chain alkenes (> C,) that 
have not been studied before. These molecules in- 
clude a series of isomeric hexenes, heptenes, octenes, 
and nonenes, as well as 5-decene, 1-dodecene, 7-te- 
tradecene, and 9-tricosene. 
Experimental 
The experiments were carried out with a prototype 
Finnigan (San Jose, CA) quadrupole ion trap mass 
spectrometer described previously [Ml. A modified 
1 Am Sot Mass S~ctrom 1991,2,305-313 
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Figure 1. The sequence of radio-frequency (RF) and direct-cur- 
rent (DC) voltages used in the quadrupole ion trap to mass-select 
the reactant ion and to analyze the products (S). The two 
different times that were used to add neutral samples through 
the pulsed valve are also indicated (PV). 
version of the commercial software was used to im- 
plement the necessary radio-frequency and diiect-cur- 
rent voltage sequences (Figure 1) [9, 181. Ions were 
generated by electron ionization unless otherwise 
specified. Application of appropriate radio-frequency 
and direct-current voltage pulses on the electrodes of 
the ion trap allowed isolation of the desired reactant 
ions, storage of the reactant ions and their ionic prod- 
ucts during the reaction period, and analysis of all the 
ions present in the trap after the reaction period. 
Typical operation parameters used in this study are as 
follows: electron ionization time 0.4 msecs, ion isola- 
tion time 4 msecs, mass range of ions stored in the 
trap during the reaction period equal to or higher 
than m/z 40, and reaction time variable (typically 200 
msecs). 
A General Valve Corporation 1 (Fairfield, 1 NJ) 1 Series 
9 pulsed valve with a commercial high voltage power 
supply and driver unit (IOTA, 1 General Valve Cor- 
poration) was used for pulsed reagent introduction 
[lo]. The pulsed valve was used to introduce reagents 
either at the beginning of the pre-ionization time (a 
time interval just before electron ionization), or at the 
beginning of the reaction time. 
All the samples were obtained commercially, and 
introduced in the mass spectrometer through 
Table 1. The mass values of the main ionic species resulting from reactions 
of ion&d alkenes with their neutral precursors” 
Carbon addition products (M + nCH,) + 
Al kene FA+. (M - 2H)+. n = 2 n=3 n=4 /7=5 n=6 n=7 
E-2-nanene 126 124 154 168 182 196 210 
E-3-nonene 126 124 168 182 196 210 
Z/E-4-nonene 126 124 168’ 182 196 210 
E-5-decene 140 138 196 210 224 238* 
Z-5-decene 140 138 196 210 224 238 
‘Very weak signal. 
‘Major products are underlined. 
‘The alkenes were ionized by electron ionization. 
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Granville-Phillips leak valves at a nominal pressure of 
(8-10) x 10W7 torr, unless otherwise specified. The 
nominal pressure of CS, was 8 x 11Y7 torr, as read 
by an ionization gauge in the vacuum manifold. The 
nominal pressure of the helium buffer gas was 5 x 
10e5 torr and the estimated pressure is 1 x 10m3 torr. 
Results 
Two different methods were used to ionize alkenes in 
the quadrupole ion trap. Table 1 shows the main ionic 
products obtained in reactions of seIected alkenes 
with their molecular ions generated by 70-eV electron 
ionization (the main addition products are under- 
Iined). Table 2 shows the main ionic products ob- 
tained when CS:- (recombination energy 10.1 eV) 
was used to ionize the alkenes by charge exchange. 
The product distributions obtained using these dif- 
ferent ionization methods are similar. Positional iso- 
merit alkenes give quite different product distribu- 
tions while the geometrical isomers studied do not 
differ in their behavior. All the alkenes studied, with 
the exception of 1-alkenes, give relatively simple 
product distributions at long reaction times. The reac- 
tion of ionized Znonene with neutral 2-nonene, for 
example, yields exclusiveIy the ions of m/z 124, 154, 
168, 182, and 210 (Table 2) after 1000 msecs reaction 
time. The product distribution obtained for ionized 
Cnonene reacting with neutral Cnonene after a 200 
msec reaction time is shown in Figure 2a (excluding 
the ion that formally corresponds to loss of H, from 
ionized Pnonene), and Figure 3 shows formation of 
the four most abundant product ions as a function of 
time for the reaction of ionized 4-nonene with 4-non- 
ene. Figure 4 shows reaction products obtained for 
pure 3- and Pnonenes. Note that all the product ions 
observed in each case are odd-electron species, in 
spite of the fact that formation of even-electron frag- 
ments by loss of a hydrogen atom or alkyl radicals are 
usually among the lowest energy pathways for uni- 
moletilar dissociation of ionized alkenes [l, 13, 151. 
Note that the reaction of ionized pentadienes with the 
corresponding neutral molecules have been examined 
previously in the quadrupole ion trap, and alkyl radi- 
cal loss following dimerization is a significant path- 
way [19]. 
Several I-alkenes were also studied. These mole- 
cules, 1-hexene (see Figure 5), 1-heptene, 1-octene, 
I-nonene, and I-dodecene, differ drastically in their 
behavior from all the other alkenes studied by produc- 
ing very complex product distributions, and were 
excluded from Tables 1 and 2. The product distribu- 
tions of l-alkenes are not characterized by dominant 
transfer of CH, units as for the other alkenes. For 
1-alkenes. formal transfer of CH and CH, units were 
also observed, and these reactions sometjhles yielded 
more abundant products than CH, transfers that 
dominate for the other alkenes. The product distribu- 
tions obtained for 1-alkenes do not follow the mecha- 
nistic rationale presented later in this article. 
Figure 2. (a) Ionic products obtained from reactions of ionized 
4nonene with neutral 4-nonene in the quadrupole ion trap 
(reaction time 200 msecs). (b) Ionic products obtained from 
reactions of ionized 4-nonene with neutral 4-nonene and neutral 
Z-nonene. Z-Nonene was pulsed in the trap after the ionization 
period (reaction time was 200 msecs). 
Figure 2b shows the carbon-addition products ob- 
tained in a cross-reaction where ionized 4-nonene was 
reacted with a mixture of neutral 4-nonene and neu- 
tral 2-nonene (reaction time 200 msecs). Table 3 shows 
the carbon-addition products obtained in other cross- 
reactions. Ionized cyclohexene did not give carbon- 
addition products with neutral cyclohexene or with 
7-tetradecene, and is not included in Table 3. Ionized 
cycle-octene, on the other hand, produced carbon-ad- 
dition cross-reaction products with neutral 4-nonene 
(Table 3). It is obvious from the results shown in 
Table 3 that the product distributions obtained in 
cross-reactions can be as simple as is obtained for 
each of the pure systems separately but there are 
reactant systems that give very complex product dis- 
tributions. Pulsed sample introduction was used in 
several experiments to obtain more information about 
the reactions. These results are discussed in detail 
later in this article. 
A carbon-addition product of 4-nonene, m/z 196 
(from addition of five CH, units to 4-nonene), was 
mass-seIected for further examination in the ion trap. 
This ion was found to be unreactive toward neutral 
Cnonene. Collisional activation of this ion in the ion 
trap [18] (an MS/MS/MS experiment) yields several 
ionic dissociation products, and they all correspond to 
formal losses of neutral alkanes. The main fragments 
have mass values 152 (loss of propane), 138 (loss of 
butane), and 124 (loss of pentane). These fragments 
do not correspond to the carbon-addition products 
that are formed in ion-molecule reactions of alkenes 
(Tables l-3). 
Discussion 
Reactions of small alkene radical cations with their 
neutral precursors have been studied extensively 
[ll-151. The major ionic products (with the exception 
of loss of a hydrogen molecule) obtained under low 
pressure in ion cyclotron resonance traps are the re- 
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4-nonene 
I \ I 
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0.3o-fdoo! 1000 15oLl 2000 2500 3OOD 
time (msecs) 
Figure 3. The formation of the most abundant product ions as 
a function of reaction time for reaction of ion&d I-nonene (m/z 
126) with neutral 4-nonene in the quadrupole ion trap. The ion 
of m f z 124 is formed in an ion-molecule reaction that results in 
a formal loss of Hz from the ionized alkene; the ions of m /z 
196, 182, and 210 arise from addition of tive, four, and six CH, 
units to 4-nonene, respectively. 
suit of addition of one, two, or three carbon atoms to proposed a mechanism that explains qualitatively the 
the parent backbone [ll]. While these carbon atoms carbon-addition product distributions. Support for this 
can carry zero, one, or two hydrogens, the most mechanism has been obtained in further studies using 
abundant products often involve transfer of methy- different experimental approaches [13]. The first step 
lene units [ll]. This appears to apply to linear alkenes of the reaction involves pairing of the unpaired elec- 
from ethylene through hexene [ll], as well as to a tron of the ionized alkene with a r-electron of the 
number of other small alkenes [12-151. Heinis [ll] has neutral alkene to give an intermediate adduct (ad- 
- 
l4- 
+5c 
+4C 
7- 
Ii , !, +SC 
0; 
1. 
150 200 m,Z 
Figure 4. Ionic products obtained in reaction of (a) ionized 
4nonene with neutral Pnonene and (b) ionized 3-nonene with 
neutral 3-nonene in the quadrupole ion tmp. The reaction time 
was 200 msecs. 
Table 3. The main ionic carbon-addition products formed in cross-reactions of ionized alkenes 
with neural alkenes in the quadrupole ion trap 
Reactant ion(s) Neutral alkene(s) Product ions (m/r) Experiment* 
4-nonene, 4.nonene, 154 ,=.182, 
2-nonene 2.nonene 196, 210 
4.nonene, 2-nonene 154, 168, 4-nonene pulsed in 
2-nonene 182,196,210 before ionization -- 
4-nonene 4-nonene, 154, 168, 182, 2-nonene pulsed in 
2-nonene 196, 210 before reaction time 
4-nonene, 4-nonene 182, 196,210 2-nonene pulsed in -- 
P-nonene before ionization 
4-nonene 4-nonene, 140, 154, 168. -- 
2-hexene 182, 196. 210 -- 
4-nonene 2-hexene 140, 154, 168 4-nonene pulsed in -- 
before ionization 
2-hexene 
2-hexene 
1 -hexene 
2-hexene, 
4-nonene 
4-nonene 
4-nonene 
112, 226, 140. 154, -- 
168, 182. 196.210 --_ 
182, 196 2-hexene pulsed in 
before ionization 
_ 
182, 196.210 I-hexene plused in 
before ionizarion 
cycle-Qctene 4-nonene 166, 180, 182, cycle-octene pulsed in --- 
196, 210 before ionisation 
*Stationaw pressure of reagents was used unless otherwise mentioned 
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Figure 5. Ionic products obtained from reactions of ionized / i 
I-hexene with neutral 1-hexene in the quadrupole ion trap. The 
reaction time was 300 msecs. r-a cn,CH,-CH’Cn-Cn,C~~n,Cn,CH, 
ST’ 
C~CH,CHZ~~“‘“HIH~C~, 
cn,.cn+.cn,.cH.c”,cn,CH,CH,CH, cH~~n,cn,-cHcH.cH,cH,CYCII, 
dition of two symmetrical alkenes gives one interme- 
diate; unsymmetrical alkenes will give a mixture of 
structures). Hvdride shifts can occur in the intermedi- I 1 
ate but a complete scrambling of all hydrogens does 
not take place [20]. Reactions employing isomeric 
olefms do not yield identical product distributions [ll, 
201. Thus, the reactions do not proceed through the 
same lowest energy intermediates. The number of 
accessible fragmentation routes can be large, and a 
variety of different fragments was observed in the 
earlier experiments [ll-15, 201. 
In our experiments transfer of CH, units between 
the ionic and neutral alkenes was the only dominant 
pathway observed, in addition to a formal loss of H, 
from the ionized alkenes. Structurally characteristic 
products were obtained for ionized isomeric alkenes 
in the cross-reactions (Table 2) when using the same 
neutral reagents. This indicates that ionized long-chain 
alkenes, whether generated by electron ionization or 
by CS, charge exchange, do not completely lose their 
structural identity before or during the ion-molecule 
reactions studied. Formation of the majority of the 
carbon-addition product ions can be explained by 
assuming involvement of all intermediate adducts ex- 
cept those having the charge on a primary carbon. A 
simple mechanism that would explain all the major 
products formed in the reaction of ionized 3-nonene 
with neutral 3-nonene is presented in Scheme I. Ad- 
dition of an ionized unsymmetrical alkene to a neutral 
unsymmetrical alkene can occur in four different ways 
to give four different intermediate adducts (A-D in 
Scheme I). These intermediates have separate radical 
and charge sites and can be considered as distonic 
ions [21]. They have a high internal energy content 
due to ion-dipole and ion-induced dipole attractive 
forces between the reactant ion and neutral molecule. 
Rearrangement by a fast 1,2- or 1,5-hydride shift to I 
CH#kCH, 
B 
IC 
CH&H, CH-CH CH*cCH&H&H2cCH3 
I 
cll,cn*.cn.cn+.cH,cH,cn,cn,cH, generate a new intermediate (charge not on a primary 
carbon) is followed by a direct bond cleavage near the 
D charge site to give a neutral alkene and an ionized 
alkene or a disionic ion (again, charge not on a pri- 
mary carbon). The product ions formed in these reac- 
tions probably rapidly isomerize by a 1,2-hydride shift 
Scheme I to give a more stable structure &th the charge on a 
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tertiary carbon. The product ions are unreactive to- 
ward neutral alkenes (see Figure 3). 
Earlier evidence supports [13,15] the suggestion 
that isomerization of the high energy intermediates 
takes place predominantly by 1,2-hydride shifts, and 
that these hydride shifts have a low activation barrier 
(6-12 kcal/mol) [Z!]. For the long-chain alkenes stod- 
ied here, various long-range hydride shifts are also 
possible. 1,5-Hydride shifts apparently compete with 
1,2-hydride shifts in these intermediates. The involve- 
ment of other long-range hydride shifts or several 
consecutive hydride shifts (e.g., 1,Zhydride shift fol- 
lowed by a 1,5-hydride shift) cannot be entirely ex- 
cluded, although most of the results obtained here 
can be rationalized without involving other than 1,2- 
and 1,5-hydride shifts. The radical site may not partic- 
ipate in isometiation or fragmentation of the distonic 
intermediates. However, the localized odd spin prob- 
ably limits or directs the hydride transfers occurring 
in the intermediates. 
The intermediate adducts preferentially fragment 
by loss of neutral alkenes to give odd-electron ionic 
fragments (addition of CH, units). This fmding sup- 
ports the proposed distonic structures because it has 
been observed [23] earlier that distonic structures of- 
ten preferentially fragment to give odd-electron ions 
in quadrupole ion traps, in contrast to conventional 
radical cations that mainly fragment to even-electron 
ions through the loss of neutral radicals. The proposal 
(Scheme I) that several or all of the product ions aIs.0 
have distonic structures is supported by the discovery 
of dominant odd-electron ionic dissociation products 
upon collisional activation of the ion of 171 /z 196 
formed by addition of five CH1 units to 4-nonene in 
reaction of ionized 4-nonene with neutral 4-nonene. 
The major competing pathway to carbon-addition 
reactions is charge exchange between the ionized and 
the neutral alkene. Thus, while cross-reactions involv- 
ing ionized 4-nonene and neutral Znonene generally 
yield all the ionic products formed in the pure sys- 
tems separately, the reaction of ionized 2-nonene with 
Scheme II 
neutral 4-nonene only produces carbon-addition 
products characteristic for pure 4-nonene (Table 3). 
This result must be due to rapid, nearly thermoneu- 
tral charge exchange between 2-nonene (ionization 
potential 8.90 eV) and 4-nonene (ionization potential 
8.8 eV [24]), followed by reaction of ionized 4-nonene 
with neutral Cnonene to give the observed products. 
In an analogous manner, only products characteristic 
for the pure 4-nonene system were obtained from 
reactions of ionized 1-hexene with 4-nonene (Table 3). 
In this case, electron exchange between ionized l- 
hexene (ionization potential 9.44 eV) and neutral 4- 
nonene (ionization potential 8.8 eV) is 0.64 eV 
exothermic [24]. 
The cross-reactions involving 2-hexene and Cnon- 
ene were examined systematically (Table 3). Scheme 
II summa&es our conclusions. When ionized Z- 
hexene (ionization potential 8.97 eV) is allowed to 
react with a mixture of neutral 2-hexene and Cnon- 
ene, collisions with neutral Z-hexene result in carbon- 
addition products characteristic for the pure 2-hexene 
system (Table 2), and collisions with 4-nonene lead to 
charge exchange (exothermic [21] by 0.17 eV) and 
formation of ionized I-nonene. Ionized Cnonene then 
reacts with neutral 4-nonene to give products charac- 
teristic for the pure 4-nonene system, and with ncu- 
tral 2-hexene to give the expected cross-reaction prod- 
ucts. Support for this reaction sequence is provided 
by the following observations. When 2-hexene was 
pulsed in the trap before ionization so that molecular 
ions of 2-hexene were generated and trapped but 
neutral 2-hexene was pumped away before the reac- 
tion of ionized 2-hexene with neutral 4-nonene was 
examined, only products characteristic for the pure 
4-nonene system were obtained. When 4-nonene was 
ionized and allowed to react with neutral Z-hexene 
without neutral 4-nonene in the trap during the reac- 
tion time (4nonene pulsed in before ionization time), 
only the cross-reaction products were obtained. And 
fmally, when ionized 4-nonene was allowed to react 
with both Zhexene and 4-nonene (2-hexene pulsed in 
before reaction time), the cross-reaction products as 
well as the products characteristic for the pure 4non- 
ene system were obtained. 
In agreement with numerous earlier results [ll, 121 
1-olefms were found to be the most reactive systems 
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and to give more complex product distributions than 
other olefms in our experiments (see Figure 5). Struc- 
turally characteristic carbon-addition products do not 
dominate the product distributions of 1-alkenes. Sev- 
eral factors may account for this behavior, including 
the fact that formation of the intermediate adducts is 
more exothermic for 1-alkenes than for other alkenes 
[ll], making skeletal rearrangements within the inter- 
mediates of 1-alkenes more likely. Further, because 
the heat of formation of ionized 1-alkenes is signih- 
cantly higher than that of other alkenes, ionized l-al- 
kenes are more likely to rearrange [14] to a mixture of 
isomeric ionized alkenes and distonic ions prior to 
bimolecular reactions. From an analytical point of 
view, the distinctly different behavior observed for 
1-alkenes, whatever the underlying reasons, is quite 
desirable because it allows distinction of these 
molecules from all other alkenes. However, this pro- 
exception of 1-alkenes, are remarkably simple and 
structurally characteristic. Only one abundant product 
ion series, [alkene +nCHz’j, is formed as the termi- 
nal product in each case. The number (n) of meth- 
ylenes transferred between the ionized and neutral 
alkene is a reflection of the position of the double 
bond in both reagents. These product ions are readily 
distinguished from other reaction products because 
they are radical cations. The selectivity of the ion- 
molecule reactions studied is explained, at least par- 
tially, by the expectation that ion-molecule association 
reactions involving large ionic species are less 
exothermic than those involving smaller ions [9]. It 
follows that the larger intermediate adducts will have 
an energetically more limited selection of pathways 
available for them [9]. Further, our results indicate 
that stable long-chain alkene molecular ions generated 
by electron ionization CS,-charge exchange have not 
cedure would not be useful if it were not known in 
that (1) no significant-rearrangement occurs in the 
parent ions prior to or during the reaction, (2) addi- 
advance that the analyte was an alkene. 
tion occurs at either end of the double-bond, as long 
as a primary carbocation is not produced, (3) no 
skeletal rearrangement occurs in the intermediate 
As a summary, our findings are in agreement with 
adduct, (4) fragmentation involving more than one 
the earlier description [ll] of the general features of 
bond is not likely, and (5) fragmentation occurs most 
favorably at the tertiary carbon in the intermediate. 
carbon-addition reactions of small ionized alkenes 
For long-chain alkenes, relatively fast 1,5-hydrogen 
shifts apparently compete with 1,Zhydrogen shifts 
with neutral alkenes. Specifically, our results indicate 
and lead to a number of reaction products that are not 
accessible for smaller alkenes. Furthermore, lone- 
volving locaiion of carbon-carbon do&e bonds in 
entirely lost their structural identity upon ionization 
long-chain alkenes could begin with introducing cy- 
clo-octene in the ion trap through a pulsed valve, 
or during storage in the Paul-type quadrupole ion 
ionizing it by charge exchange with CS: ; and examin- 
ing its reactions with the analyte. This remarkably 
trap, and the same applies to the intermediate adducts 
simple and selective method has the additional ad- 
vantage that no mass selection of an alkene is re- 
obtained from addition of an ionized alkene to a 
qutied. Further investigations concerning analytical 
applications of the reactions discussed and the gener- 
neutral alkene. 
ality of the approach for carbon-carbon double bond 
location are in progress. 
A useful procedure for analytical applications in- 
v 
chain alkenes seem to be more selective in their reac- 
tions than has been observed earlier for smaller 
species. 
The analytically most promising reagent ion stud- 
ied here is ionized cycle-octene because this ion does 
not produce carbon-addition products with its neutral 
precursor. Moreover, ionized cycle-octene does not 
add carbon units to other alkenes, but can only re- 
ceive them (Table 3). If cycle-octene is pulsed in the 
trap before the ionization period, the products from 
ion-molecule reactions between ionized cvclo-octene 
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